O r i g i n a l r e s e a r c h
Progressive decline in functional status of persons with dementia is emotionally and financially exhausting for caregivers. The role of the caregiver role starts with assistance with relatively complex tasks, and progresses to include the provision of ongoing assistance with more fundamental activities of daily living, as well as dealing with personality changes and behavioural disturbances 1 . One in five people over 80 and one in 20 over the age of 65 suffer from a form of dementia 2 . Our ageing population means that prevalence of dementia will increase, without a planned proportionate rise in professional care. Therefore the role of the family caregiver will become increasingly important in minimising the strain on health care services. The burden on the caregiver contributes to levels of stress and depression, which is found to be a strong predictor for patient referral into institutionalised settings 3 . Therefore, addressing caregiver consequences not only affects their perceived ability to cope, but also plays an important role in helping people with dementia remain at home for longer and reducing cost to health care systems.
Caring for someone with dementia can lead to depression, sleep disturbance, anxiety and With the demographic shift towards an older population, the contribution made by informal caregivers of persons with dementia is becoming increasingly important. The ongoing demands of the caring role can often impact mental health and physical well-being. Information and communication technology (ICT) may offer new ways of reducing caregiver burden through information provision and social contact. Interviews were conducted with 14 spouse caregivers of persons with dementia. Grounded theory analysis of interview transcripts revealed specific areas where ICT could help. These are summarised under three main themes: 'Support needed' (education and informal), 'social isolation' (leaving the house and sustaining networks) and the 'relationship' between patient and caregiver (disappearance and interaction). The findings demonstrate the importance of consulting caregivers to ensure that technology design is grounded in an understanding of the problems being addressed.
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Identifying opportunities for supporting caregivers of persons with dementia through information and communication technology C a r e g i v e r s a n d I C T loss of companionship. Difficulties in dealing with behavioural problems, aggression and incontinence can also contribute to the stress 1, 4, 5 . Caregivers experience greater susceptibility to illness and frequently neglect their own health as a result of the care demands 6 . Additionally, confinement to the home, loss of autonomy and decreased participation in social activities further impacts mental health and perceived ability to cope [7] [8] [9] .
Numerous studies have demonstrated the benefits of peer supports, education groups and skill training for caregivers. These may include interventional workshops providing information about dementia, available services and coping strategies 10, 11 . Others include peer-or professional-led group meetings to discuss problems and exchange of ideas 12 . However, geographical distance, time constraints and availability of professional resources limit the accessibility of such programmes. To overcome these constraints, the use of information and communication technology (ICT) for caregivers has been explored. Examples include ComputerLink 13 , the REACH computer-integrated telephone system (CTIS 14 ); AlzOnline 15 , Caring for Others 16 and the DEM-DISC (DEMentia Digital Interactive Social Chart 17 ). These schemes usually include an online information resource related to dementia care and local services, which can be accessed using simple search tools [13] [14] [15] 17 . Other schemes have used online question and answer forums or educational classes 13, 15 . Telephone conferencing has also been used to allow caregivers to discuss topics and share experiences 14, 16 . These studies have shown positive outcomes, including improved decision confidence, self-efficacy, mood and stress [13] [14] [15] [16] . In summary, numerous ICT solutions have been developed to support caregivers of persons with dementia. These involve different approaches to providing educational content about dementia and local services, as well as opportunities for professional and peer support. In these approaches, design requirements have been typically generated in a top-down fashion, rather than being user-led. As such it is less clear what caregivers themselves actually want from such technology. Powell, Chiu and Eysenbach 18 investigated the perspective of informal caregivers (for instance, spouse, son or daughter, grandson or -daughter, friend) in relation to ICT, including telecare and internet-based resources. The analysis provided a broad insight into the requirements of such technology, highlighting, for example, the need to address concerns around impersonality of technology, risk of information overload and importance of augmenting existing services rather than replacing them. The current study aimed to understand the problems experienced by caregivers, focusing on the spouse or partner living with the person with dementia. Home visit interviews were conducted with caregivers in their own homes to identify opportunities for support. A qualitative "grounded" approach 19 was taken to characterise interviews. This involved transcription of interview data and identification of themes that reflect the participants' perspectives. This approach has previously been found to be useful for establishing technological opportunities to support persons with dementia on daily tasks 20 . Extracts from the interview transcripts and the opportunities for supporting caregivers through ICT are presented in the discussion.
Method
Sample Fourteen caregivers were recruited from two sources, the TRIL Clinic and the Memory Clinic, both at St James's Hospital, Dublin. The sample were an opportunistic group of caregivers linked in to the Memory Clinic and TRIL Clinic. All participants were older adults and were a spouse to a person with dementia living at home. The level of dementia ranged from mild to severe across the sample. The group were purposefully heterogeneous in terms of dementia to give us an understanding of the support needs of caregivers at all stages of dementia care. Eight of the caregivers were male and six were female. All participants lived in Dublin and its surrounding areas. All care recipients were living at home and care was based C a r e g i v e r s a n d I C T in the home, excepting some intermittent respite received. The age range was 54-82 years. All participants were provided with an information sheet describing the purpose of the project and provided written consent to take part. The study was approved by St James's Hospital Research Ethics Committee.
Procedure
The majority of interviews took part in the participants' homes. Two interviews took place in St James's Hospital at the request of the participant. Before the interview started the researcher explained the research objective and the purpose of the interview. The protocol was a semi-structured interview focusing on participants' role as caregiver, how it has impacted their daily routine and social activities, and how technology might help. Each interview lasted approximately one hour. All interviews were audio recorded and transcribed for analysis. One participant requested that his interview was not recorded, and therefore the data presented are based on transcriptions from 13 interviews.
Analysis
All interview transcripts were analysed using grounded theory analysis (GTA 
Results
Open coding revealed 16 subcategories, for instance, guilt about socialising, confrontation and communication. Transcripts and the number of occurrences are shown ( Table  1) , as well as the organisation of the subcategories, achieved through axial and selected coding ( Table 2 ). The subcategories represent the language used by our participants. The first theme was labelled 'support needs', which includes 'educational and informal supports'. The second theme relates to 'social isolation', which includes problems with 'sustaining networks' and difficulties 'leaving the house'. The third theme describes issues related to the patient-caregiver 'relationship', which includes 'disappearance' of the relationship and 'interaction' between them.
discussion
The characterisation of our participants' accounts will be useful for designing ICT to support caregivers in the home (Table 1) . First, we will focus on how ICT can support the caregiver role. Subsequently issues are treated related to social isolation and the impact of these on ICT design. In the last section we will consider possibilities for ICT supporting the patient-caregiver relationship. These issues will be discussed in relation to existing technologies and how they could be further developed to suit the needs of the users.
Support needs Educational
Participants felt the need to access information about dementia, increase their knowledge about local services available and learn how to deal with the change to their life. For those who used a computer, the internet was a useful source of information, though it is difficult to manage the large volume of material and identify what is relevant to them. One caregiver who has access to the internet described the difficulty in searching through relevant material; "There's so much material, so many bits of it to be put together, like an enormous jigsaw, but the only difference is that the pieces keep changing, so you're never quite sure what's going to fit". Another caregiver, who was less likely to use the internet, talked about the difficulties in accessing any relevant information via other means; "I find that there's not a lot of information in the public domain …nothing in the papers. Even if there's been a small breakthrough or anything like that, it can be at times very frustrating".
Previous educational research
These statements highlight the need to maintain a balance between sufficient information provision and simplicity for ease of use. Vol. 10 No 4 C a r e g i v e r s a n d I C T C a r e g i v e r s a n d I C T piloted an internet resource for caregivers, the DEM-DISC, which provides caregivers with customised information about care needs and relevant services in their region. The system uses a search engine that is designed to guide the users in clarifying their Vol. 10 No 4 C a r e g i v e r s a n d I C T needs into specific demands. Our findings confirm the importance of these tools. However, they also highlight a need to broaden the scope of these tools to help caregivers manage their own mental and physical well-being. One caregiver emphasised the difficulties in monitoring their own wellbeing when dedicating much of the time to support the other person; "I am so emotionally and physically drained I haven't actually time to think about myself". Caregivers are more likely to experience inadequate sleep, self-care, nutrition and physical exercise [21] [22] [23] . ICT should also target these issues and help caregivers adapt to the changing situation.
Informal
Informal networks were considered a valuable source of practical help (for instance, doing the shopping) and to 'offload' feelings and concerns. However, these channels of support were not always utilised due to concerns that overuse could impact friendships; "You have to offload something but you don't want to be the one that, here she comes…you can't spend the whole time talking about it". Caregivers were also conscious of preserving their partner's dignity, and some would avoid discussing problems with mutual friends; "I don't want to drag attention to it because it probably would upset him. If he knew that they know".
It was generally believed that contact with other caregivers would provide opportunities for 'mentoring and reassurance'. The common ground and shared experience provide emotional support and also offer opportunities to learn from the experience of others; "Reassurance to know that there are other people in that boat, you might meet or talk to somebody that just had that particular experience…might have been through it and tell how you dealt with it". Interaction with other caregivers might also provide opportunities for positive encouragement and boost motivation: "Sometimes you need someone to say you're doing a great job, keep at it, so maybe just some reinforcement of, maybe just some positive things".
Previous 'informal' research
These points highlight the possibility of supporting caregivers through ICT beyond education and information provision. Research has found that knowledge about dementia can in fact increase desire to institutionalise (DIS) the person with dementia, and so education alone may not be helpful in reducing caregiver burden 24 . There is increasing evidence showing that caregiver self-efficacy is a key factor in minimising burden 25 . According to social learning theory, self-efficacy is the belief that one can perform a specific task, and is a psychological attribute that can be learned and enhanced. Self-efficacy can increase perseverance, improve resilience and influence perceived difficulty or burden of a task 26 . Previous ICT solutions have used group forums and conference call systems for weekly or monthly peer-support meetings 14, 16 . Designing such systems to enable caregivers to learn about the achievements of others (known as 'vicarious experience') and receive encouragement and positive feedback ('verbal persuasion') may help improve caregiver self-efficacy.
Social Isolation
Difficulty leaving the house It is well documented that the demands of the caregiver role, particularly issues related to behavioural problems and functional impairment, limit opportunities for social interaction [27] [28] [29] . Participants often reported a sense of being 'tied to the house' due to ongoing care demands and need to maintain a consistent routine: "I've to stick with that routine and get her ready to go and collect her in the evenings. So I can't just breeze off". Caregivers also highlighted that concerns about the patient's safety (for instance, falling, wandering or cooker safety) also restricted their movements; "Can't leave her in the house, with the cooker and everything". Constraints for the caregiver also apply outside the home, in which problems may arise when both caregiver and spouse leave the house together. Participants reported the difficulties experienced if the person with dementia becomes 'confused' in public spaces and starts wandering or getting lost; "But the other day this was Vol. 10 No 4
C a r e g i v e r s a n d I C T the very first time, I came out and he wasn't in the car and I couldn't see him anywhere";
and also "If we were in a supermarket or a department store and I go somewhere, it's just a moment, a split of a second and she's gone".
There was also some concern about perception of others towards their partner's behaviours in public places; "I've often found other older people without the condition do be staring at her when she's out and being odd or whatever". Similarly, caregivers also described how behavioural or memory problems can cause difficulties when meeting people they know; "They were great friends, and she said to him, how is your wife, and she was 3 
years dead! And he looked at me and said, what's going on?"
Previous 'out of the house' research Home based telecare and assistive technology (for instance, memory aids, fall detectors and cooker sensors) go some way to reducing care demands 30, 31 . Although progress is being made with these developments, ICT must ensure that it is flexible enough to match the constraints placed on the caregiver. For example, online conference calls must be compatible with ongoing, and often unpredictable, time constraints. Others have highlighted the issue of 'social obligation' in using ICT for social participation, and the need for systems to support 'opportunistic' social encounters 32 . This approach may be well suited to caregivers who may find it difficult to commit to scheduled meetings. Mobile technologies also offer opportunities for greater flexibility in terms of location. The current ICT solutions for caregivers involve personal computers or static telephones. Developments in portable devices and smart phones offer new opportunities to develop ICT that is flexible and mobile enough for caregivers to incorporate into their everyday routines. More work is needed to explore how ICT can be provided to caregivers in an unobtrusive and private fashion.
Sustaining social networks
Difficulty sustaining existing social networks was a common category found in the interview transcripts. This was partly attributed to patients' social withdrawal, in which they would lose motivation or interest in going out or socialising: "She became over a period of 4 or 5 years, distant from some people, that she was quite friendly with, they experienced her as withdrawing and they didn't understand why"; "She says she has no friends but, sometimes she doesn't want to go out, and she forgets that". This guilt would also impact the caregiver's social activity, as they may feel guilty leaving the person with dementia alone when they socialise without them; "If she's in here on her own, and I'm out there, she gets a bit depressed, you know. And she wouldn't go out...sometimes I do feel guilty about going out".
Previous 'sustaining social networks' research
These issues highlight the other constraints placed on the caregiver in addition to the more practical issues (for instance, safety and dependency). Therefore, ICT should extend beyond the instrumental and emotional benefits of social support, to also provide opportunities for social engagement with their broader social networks. Lightweight modes of communication (for instance, messaging and photo-sharing) provide new ways of increasing a sense of social presence and social connectedness in unobtrusive ways. Recent work into 'social presence displays' and 'awareness systems' also shows further possibilities in helping people to effortlessly maintain awareness of each other. These systems are typically always on, have limited functionality and communicate another persons' location or activities. The aim of these systems is to provide reassurance, let others know you are thinking about them and encourage or create opportunities for communication. An example display is the 'intentional presence lamp' which lights up when remotely located individuals want to indicate their presence at home 33 . The 'digital family portrait' developed at Georgia Tech was designed to increase family members' awareness of their senior relatives' day-to-day activities using subtle icons on a Vol. 10 No 4 C a r e g i v e r s a n d I C T picture frame. Awareness displays such as these may help caregivers to remain socially connected with their broader social network 34 or act as catalysts for social engagement 35 . It is clear from the above examples that ICT can not only support caregivers through information provision and peersupport, but can also provide social benefit by facilitating communication and helping them sustain their social network.
Relationship
The third theme relates to the specific social interaction between the caregiver and the person with dementia. Participants reported a 'disappearance' of the relationship. 36 developed the CIRCA (Computer Interactive Reminiscence and Conversation Aid) which includes a 20-inch touch screen that allowed the users to navigate their way around reminiscence material related to different themes (for instance, recreation, entertainment and local history). The material was presented using different media types (for instance, photo, videos and music). The technology was designed to support communication between care workers and persons with dementia in residential care settings. Observational analysis revealed that the technology has some advantages over traditional reminiscence approaches. For example, the person with dementia tended to participate more in the conversation, and take direction of reminiscence topics. The system also offered significantly more choice to the person with dementia regarding conversation topics 36, 37 . Such systems could be further developed to facilitate interaction between the person with dementia and their family caregiver in the home setting. Such intervention would help maintain the relationship between the caregivers and their partners, which can help reduce the negative impact of care demands. Vol. 10 No 4 C a r e g i v e r s a n d I C T Identifying caregiver requirements The high-level characterisation of the problems experienced by caregivers is useful for engineers and designers involved in the development of ICT. Many of the issues raised will already be familiar with researchers and clinicians in this area, and confirm approaches already taken in ICT design. For example, accessible content related to dementia care and local support services have already been made available in existing systems. The home visit interviews revealed the need to also encourage the caregiver to manage their own mental and physical wellbeing. These subtle, but important, requirements would have positive consequences for the caregiver ability to continue their role. The analysis also demonstrates the need to extend the focus beyond information provision and social support. ICT should help caregivers sustain existing social networks using lightweight communication tools (for instance, messaging, photo sharing and awareness displays), which are unobtrusive and require little attention. This is compatible with the ongoing demands of the caring role, which essentially underlie the problems of social isolation. Finally, the home visit interviews allowed participants to express day-to-day concerns and experiences of living with a person with dementia. This revealed the important issue of the patientcaregiver relationship and the difficulties in communication. It is apparent that ICT could potentially have a role in supporting interactions between the caregiver and care recipient, thus supporting the maintenance of the spousal relationship. This could be a meritorious goal around which to base an ICT design for caregivers.
Loneliness is a subjective state of negative affect associated with perceived social isolation 38 . This can stem from the absence of a broader group of contacts engaging social network, often referred to as 'social loneliness'. However, it can also arise from the absence of an intimate relationship or close attachment, which is often referred to as 'emotional loneliness'. These states occur independently, which means that a person may suffer from loneliness despite being surrounded by many people 39 . Furthermore, emotional loneliness alone has been found to impact health status among older adults 40 , and so is important for enabling caregivers to maintain their role. To date ICT solutions have focused on providing social support and contact with broader social networks. Although these are important, there is also need to support communication with their spouse and help maintain some companionship. This illustrates the value of the grounded theory approach to identify further opportunities to support users.
conclusions
This paper has provided a detailed account of the problems reported by spousal caregivers living with a person with dementia. The home visit interviews and grounded theory analysis were useful for informing the design of ICT. The results confirm the importance of information provision and social support, currently being addressed, which has currently been the focus of most ICT solutions for caregivers. However, our informants' accounts also highlight the need to help caregivers maintain social connectedness with family and friends in flexible and unobtrusive ways. Additionally, technology should be designed to facilitate communication between the caregiver and the person with dementia in the home setting. These additional areas of support will help reduce caregiver burden and perceived ability to cope.
